The biaxially textured growth of superconducting Co-doped BaFe2As2 (Ba-122) thin films has been realized on ion beam assisted deposition (IBAD) MgO coated conductor templates by employing an iron buffer architecture. The iron pnictide coated conductor showed a superconducting transition temperature of 21.5 K, which is slightly lower than that of Co-doped Ba-122 films on single crystalline MgO substrates. A self-field critical current density of over 10 5 A·cm −2 has already been achieved even at 8 K. The current experiment highlights the potential of possible coated conductor applications of the iron-based superconductors.
As recently demonstrated, the implementation of an Fe buffer layer is beneficial for epitaxial growth of Codoped BaFe 2 As 2 (Ba-122) thin films on MgO single crystalline substrates since the metallic bond between the Fe layer and the Co-doped Ba-122 takes place on the Fe sublayer within the FeAs tetrahedron.
1) Furthermore, a small lattice mismatch of 2.3% is realized between the (001) surface plane of Fe, which is rotated 45
• in-plane, and the Fe sublayer in the Co-doped Ba-122 unit cell. As a result, excellent superconducting properties have been realized in Fe/Ba-122 bilayer system.
2) This opens the opportunity to grow Co-doped Ba-122 films on technical substrates (e.g., Hastelloy), on which textured MgO templates are prepared by ion beam assisted deposition (IBAD).
IBAD offers biaxially textured buffer layers for epitaxial growth of functional materials, such as high-T c superconducting YBa 2 Cu 3 O 7 (YBCO).
3) In particular, the IBAD-MgO templates on Hastelloy are used for the 2 nd generation YBCO coated conductor as the texture nucleation offers significantly faster processing than that in the case of using other materials. 4) At low temperatures, Co-doped Ba-122 offered the opportunity of very high upper critical field in combination with a much lower anisotropy compared to YBCO, which is one of the advantages for coated conductor applications. However, the critical current density (J c ) values of Fe-based superconducting wires or tapes published to date are not practical level, showing typically less than 10 3 A·cm −2 even at low temperature. 5, 6) Similarly to YBCO, grain boundaries (GBs) with misorientation angles above 6
• seriously reduce the critical current for Co-doped Ba-122.
7) The same strong weaklink behavior due to GBs has been reported in F-doped LaFeAsO polycrystalline thin films.
8) Hence, the current limiting effects across GBs in Fe-based superconductors have found a general consensus, necessitating biaxially textured growth to achieve high critical currents.
Here, we report on the crystalline quality and superconducting properties of Co-doped Ba-122 grown on IBAD-MgO Hastelloy, offering the possibility for coated conductor processing of the new Fe-based superconductors.
10 mm wide commercial Hastelloy C-276 tapes were planarized by solution planarization deposition (SDP) with 15 layers of Y 2 O 3 with a total thickness of 1 µm.
9)
A roughness of around 0.6-0.8 nm on 5 × 5 µm 2 was achieved. The Y 2 O 3 layer does not only provide a smooth and amorphous surface needed for IBAD but also protects the Ba-122 phase against detrimental diffusion of Ni and Cr from the Hastelloy tape. The IBAD-MgO layer, deposited at room temperature (RT), has a thickness of 5 nm and is covered by a homoepitaxial MgO layer of around 40 nm, which was deposited at 600
• C [ Fig. 1(a) ]. More details of the template preparation can be found in ref. 10 . For use in the pulsed laser deposition (PLD) system, the tape was mechanically cut into 10×10 mm became sharper with increasing temperature as shown in Fig. 1(c) , indicating that the crystalline quality improves. The Fe-covered IBAD-MgO Hastelloy substrate was then heated to 700
• C for the deposition of about 50 nm thick Co-doped Ba-122 [ Fig. 1(d) ]. The detailed PLD target preparation and deposition conditions can be found in ref. 11 . Figure 2 exhibits the θ/2θ-scans of the film on IBADMgO Hastelloy using Co-K α radiation. All peaks were indexed with Co-doped Ba-122, Fe, Y 2 O 3 , MgO and Hastelloy, indicating a high phase purity. Major peaks observed in Fig. 2 Table I shows a comparison of the crystalline quality between a film on IBAD-MgO and a Fe/Ba-122 bilayer on single crystalline MgO. The out-of-plane full width at half-maximum (FWHM) ∆ω, as well as the FWHM of the pole figures, ∆φ, of the Ba-122 film are similar to those of the underlaying Fe layer. Therefore, in both cases, the texture is transferred to the superconducting Ba-122 layer. In contrast to Fe/Ba-122 bilayers on single crystalline MgO substrates, 1) the corresponding values are large, which is presumably due to the thin homoepitaxial layer of the IBAD-MgO templates. For the IBAD-MgO templates, the out-of-plane FWHM values of MgO reduce with increasing homo-epitaxial layer thickness and saturate of around 200 nm.
10) The in-plane texture shows the same tendency, but without saturation up to micrometer thicknesses. Hence, it might be possible to further improve the crystalline quality of the Fe buffer layer by employing Fig. 4(a) . The measurement was conducted using a physical property measurement system (PPMS; Quantum Design) with a standard four-probe method. The onset superconducting transition temperature T c of the film on IBADMgO Hastelloy was around 21 K, which is slightly lower than that of the film on a MgO single crystalline substrate. As stated earlier, increased in-plane FWHM values indicate that GBs develop in the Co-doped Ba-122 layer, possibly leading to oxidation along the GBs, which would reduce T c . In addition, the broad transition width of around 3 K may also be caused by the weak-link behavior. In YBCO, GBs reduce T c even if they are not yet weak links (i.e., low-angle GBs) due to strain around the dislocation cores and the band bending effect. The same mechanisms might have a similar effect in the Co-doped Ba-122 film.
Albeit a relatively thick Y 2 O 3 layer of 1 µm, an interdiffusion of Ni and Cr from Hastelloy to the superconducting layer cannot be ruled out completely due to the porous structures of these Y 2 O 3 layers. Since both transition elements can enter the Fe site in the Ba-122 lattice, this diffusion would result in either electron or hole doping. The former induces superconductivity with a maximum T c of 19 K, 12) and the latter does not show any signs of superconductivity at all.
13) Nevertheless, the T c of the resultant film on IBAD-MgO Hastelloy decreased only by a small amount compared with that of fully optimized films on MgO single crystalline substrates.
Shown in Fig. 4 (b) are J c − H characteristics for a Codoped Ba-122 thin film on IBAD-MgO at 8 K. For these measurements, the films were cut into slabs measuring 1 mm in width and 8 mm in length with a wire saw. A criterion of 1 µV·cm −1 for evaluating J c was employed. A self-field J c of over 10 5 A·cm −2 has already been achieved even at 8 K. Further improvement in J c −H performance is possible since the fully optimized Fe/Ba-122 bilayers on MgO single crystalline substrates show one order of magnitude higher J c values than that of the film of this study. The angular-dependent critical current density J c (Θ) shown in Fig. 5 has a broad maximum at Θ = 90
• , which arises from intrinsic pinning.
14)
In summary, we have demonstrated the biaxially textured growth of superconducting Co-doped Ba-122 thin films on IBAD-MgO Hastelloy by employing an iron buffer layer architecture. The film on IBAD-MgO Hastelloy showed a superconducting transition temperature of 21 K with a large transition width of 3 K. A self-field J c 
